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(54) Lighting device for generating a rectangular pattern at the work area, e.g. for illuminating 
pedestrian crossings 



(57) There is described a lighting device, which can 
be used for example for illuminating pedestrian cross- 
ings or in other applications where it is necessary to form 



a defined and uniform rectangular pattern, which com- 
prises a reflector element (2) and a screen (4) with either 
one or both surfaces having an array of cylindrical mic- 
rolenses (5) or microprisms (6). 
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Description 

The pf £3Gm * invention re!at6S lO 8 liynuPiy dfcJViCo 

able to generate a light beam which forms a defined and 
uniform rectangular pattern at the work area, e.g. for il- s 
luminating pedestrian crossings or for use in other ap- 
plications where an illumination pattern of the above in- 
dicated type is required, such as in the case of motor- 
vehicle fog lamps, or for illuminating paintings or long 
aisles in industrial buildings, etc. 10 

The object of the present invention is that of provid- 
ing a device of the above indicated type which js able. tou. , 
form a rectangular pattern of relatively wide dimensions 
starting from a device of reduced dimensions, which 
may have any shape, including the circular shape, and is 
with a relatively simple and inexpensive structure. 

In order to achieve this object, the invention pro- 
vides a lighting device of the above indicated type, char- 
acterized in that it comprises: 

20 

a light source, 

a reflector element for reflecting the light rays emit- 
ted by the light source towards an area to be illumi- 
nated, and 

a screen located in front of the reflector and having 2S 
either one or both faces with an array of cylindrical 
microlenses. 

The cylindrical microlenses are distributed accord- 
ing to a pitch comprised between 0. 1 millimetres and 0.5 30 
millimetres, preferably of 0.2 millimetres. This pitch val- 
ue indeed insures a better uniformity of illumination with- 
out inducing the technological difficulties which would 
be associated with a smaller pitch. Greater pitches in- 
stead involve a reduction of uniformity of the beam. 35 

According to a further feature of the invention, the 
cylindrical microlenses have a value of the so-called "F 
number", i.e. the ratio of the focal length to the lens 
width, which is very low, preferably close to 1 . 

In a variant, the array of cylindrical microlenses is 40 
replaced by an array of microlenses still characterized 
by a cylindrical symmetry but with a general aspherical 
profile; the aspherical profile is optimized to ensure an 
uniform illumination inside the rectangle. In order to 
make the fabbrication easier and to minimize scattering 4s 
effects due to the fabrication errors, the aspherical pro- 
file can be of a substantially snuosoidal type ensuring 
the first derivative continuity between two adjoining mi- 
crolenses. 

In a second variant, the array of cylindrical micro- so 
lenses is replaced by an array of Total Inner Reflection 
(TIR) microprisms. It is possible to provide a symmetri- 
cal array of microprisms at the right and the left of the 
median axis of the device. All the said arrangements are 
chosen as a function of the need to insure the uniformity ss 
of the beam in the work plane. The TIR prisms, differ- 
ently from the conventional Fresnel prisms, insure a 
higher efficiency and a greater deviation of the light 



beam. It is also possible to provide a combination of con- 
ventional prisms or cylindrical microlenses at the centre 
of the device with TIR prisms at the periphery of the de- 
vice. 

In a further variant, two crossed array of microlens- 
es are provided on both opposite faces. 

According to a further variant, the array of cylindrical 
microlenses or microprisms on the screen may be re- 
placed by a suitable shape of the reflector element. 

Further features and advantages of the invention 
will become apparent from the description which follows 
with reference to the annexed drawings, given purely by 
way of non-limiting example, in which: 

figure 1 is a diagrammatic perspective view which 
shows the application of a lighting device according 
to the invention for the illumination of pedestrian 
crossings, 

figure 2 is a cross-sectional view and at an enlarged 
scale of the device shown in figure 1 , 
figure 3 is a cross-sectional view taken along line 
Ill-Ill of figure 2, 

figures 4, 4a shows two variants of a detail of figure 
2, 

figures 5a, 5b show two patterns at the work area 
which can be obtained by the device according to 
the invention, and 

figures 6, 7 show two further variants of figure 4. 

In figure 1, reference numeral 1 generally desig- 
nates a device for illuminating pedestrian crossings 2 
which is supported by any known supporting means at 
a height of about 5-7 meters above the ground. 

With reference to figures 2, 3, the device 1 has a 
reflecting parabula 2 which reflects the light rays emitted 
by a light source 3 f constituted by a lamp of any type, 
towards the work area. The light rays reflected by the 
parabula 2 pass through a screen 4 having either one 
or both opposite faces having an array of cylindrical mi- 
crolenses 5 (see also figure 3) which generate a light 
beam which forms a rectangular pattern on the ground 
whose divergence is defined by the m F number' of the 
microlenses in one direction, and by the shape of the 
reflector in the other direction. 

In an embodiment which has been worked out by 
the Applicant, the parabula 2 had an outer diameter of 
100 millimetres and a depth of 39.5 millimetres and had 
an aluminium coating with a 0.97 reflectance. The cylin- 
drical microlenses 5 had an "F number" close to 1 .2. The 
cylindrical microlenses 5 were arranged with a pitch of 
0.2 millimetres. However, in order to obtain a good uni- 
formity of the light beam at the work plane, pitches be- 
tween 0.1 millimetres and 0.5 millimetres are also ac- 
ceptable. The pitch of 0.2 millimetres insures the uni- 
formity without introducing the technological complica- 
tions which would be associated to the pitch of 0. 1 mil- 
limetres. A pitch (period) greater than 0.5 millimetres 
would involve a reduction of uniformity of the beam, but 
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would still be applicable. The curvature of the microlens- 
es was directed towards the inside of the parabula be- 
cause in this manner the reflections within the lens are 
reduced and the pattern becomes more defined. By this 
embodiment an overall efficiency was measured of 5 
about 75%. The Isolux curve distribution on the ground 
is shown in the diagram of figure 5a, where the numbers 
represent the distances from the optical axis of the pa- 
rabula in millimetres. By this type of solution beams with 
a divergence along the X direction between 10° and 10 
120° in total were obtained. 

Figure 4a shows a variant in which tha array, of.cy-. .•• 
lindrical microlenses is replaced by an array of micro- 
lenses, still having a cylindrical symmetry but with a sub- 
stantially sinusoidal profile, optimized in order to ensure is 
an uniform illumination all over the rectangle. 

Figure 4b shows a variant in which the array of cy- 
lindrical microlenses 5 is replaced by an array of micro- 
prisms 6, which in this case is provided on the outer sur- 
face of screen 4. The prisms 6 are of the total inner re- 20 
flection type. Figure 4 shows a case in which the prisms 
are arranged uniformly and symmetrically with respect 
to the centre of the device. By this type of total inner 
reflection microprisms, the measu red efficiency is great- 
er than 80% and the overall divergence of the beam 2s 
along the direction X orthogonal to the main direction of 
the prism may reach values greater than 120°. 

Figure 6 shows a variant in which the prisms have 
different angles in order to insure the uniformity of the 
beam at the work plane. It is also possible to provide an 30 
array of total inner reflection prisms according to a ma- 
trix, or also to provide an array of prisms with a variable 
pitch, as shown in figure 7. 

In a further variant of the device the microlenses are 
provided on both opposite surfaces; by this type of so- 35 
lution a larger divergence along the orthogonal direction 
Y up to 90° is achieved. 

A typical pattern at the work area which can be ob- 
tained by the device according to this varian is shown 
in figure 5b 40 

Finally, it is possible to provide a combination of 
conventional prisms which operate by refraction at the 
centre of the lens and prisms which operate by totaHn- 
ner reflection at the periphery. 

A further embodiment of the device comprises a re- 4S 
flector with a complex shape such that at least 9/10 of 
the overall flow is reflected by the reflector and directed 
according to the required pattern. The transparent lens 
located in front of the reflector in this case has no prisms, 
but is provided with a curvature or, alternatively, is pla so 
nar. In general, the transparent element, be it with 
prisms, microlenses or with a smooth surface, will be of 
glass material with acrylic, polycarbonate or other type 
of plastic material which is resistant also to high temper- 
atures, such as the polyarilate, in relation to the type of ss 
light source which is used. 

Naturally, while the principle of the invention re- 
mains the same, the details of construction and the em- 



bodiments may widely vary with respect to what has 
been described and illustrated purely by way of exam- 
ple, without departing from the scope of ihe present in- 
vention. 



Claims 

1. Lighting device (1) for generating a light beam 
which forms a defined and uniform rectangular pat- 
tern which is highly divergent in one direction and a 
reduced divergence in the orthogonal direction (Y),». , 
characterized in that it comprises: 

a light source (3), 

a reflector element (2) for reflecting the light 
rays emitted by the light source (3) towards the 
area to be illuminated, and 
a screen (4) located in front of the reflector (2) 
and having an array of cylindrical microlenses 
(5) or microprisms (6) on one of the two oppo- 
site surfaces. 

2. Lighting device according to claim 1 , characterized 
in that it has an array of microprisms (6) which are 
at least in part of the total inner reflection type, in 
order to improve the transfer efficiency and to in- 
crease the divergence of the light beam up to angles 
greater than 120°. 

3. Lighting device according to claim 1 , characterized 
in that the cylindrical microlenses are distributed 
with a pitch between 0.1 and 0.5 millimetres. 

4. Lighting device according to claim 3, characterized 
in that the pitch of the cylindrical microlenses (5) is 
substantially 0.2 millimetres. 

5. Lighting device according to claim 2. characterized 
in that the array of microprisms has a uniform pitch. 

6. Lighting device according to claim 2, characterized 
in that the array of microprisms (6) has a variable 
pitch. 

7. Lighting device according to claim 1 , characterized 
in that it has a divergence along the X direction with 
angular values between 10° and 90°, and a diver- 
gence in the ortogonal direction Y with angular val- 
ues between 1 0° and 90° , characterized in that said 
screen has two crossed arrays of cylindrical micro- 
lenses or microprisms on both opposite surfaces. 

8. Lighting device according to claim 1 , characterized 
in that it has an array of microlenses with cylindrical 
symmetry and general aspherical profile, in order to 
ensure uniform illumination all over the rectangular 
pattern. 



' 084691 4A1J_> 



3 



i' 5 , EP 0 846 914 A1 6 

» • 

9. Lighting device according to claim 7, characterized 
in that it has two crossed arrays of microlenses, with 
cylindrical symmetry and genera! aspherica! profile 
on both opposite faces. 

5 

10. Lighting device according to claim 7, characterized 
in that it has two crossed array on both faces, one 
consisting of microprisms or cylindrical microlenses 
and the other consisting of aspherical microlenses. 

10 

11. Lighting device according to any of claims 8-10, 
characterized in that the aspherjcal microJense&arew 
substantially of the sinusoidal type. 

15 
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